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(54) LINEAR DIFFERENTIAL AMPLIFIER 

(57)Abstract: 

PURPOSE: To obtain a wide linear operation range and a 
high input impedance by providing plural differential 
amplifying pairs arranged in parallel, output current 
weighting means, and output current adding means. 
CONSTITUTION: N-number of differential amplifying 
pairs 16 (N is an integer equal to or larger than 4) are 
provided in parallel, and each pair 16 is provided with 
offset voltage giving means 7 and 8 and an output 
current weighting means 18, and an adding means 19 is 
provided between the pair and a load 15. That is, since 
the transconductance of one differential amplifying pair 
16 has the single peak response to the input voltage, 
sum voltages of the same input voltage and proper 
offset voltages are given to N-number of differential 
amplifying pairs to generate N-number of peaks. Then, 
output currents of N-number of differential amplifying 
pairs are weighted and added to synthesize one peak 
having a flat top. Thus, a wide linear operation range is 
obtained and the input impedance is raised. 



i 

: 1 



IK 



4"? 

.if 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 



[Number of appeal against examiners decision 
of rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2000 Japan Patent Office 



®B*s4#f*jT(jp) © w bp ta m & m 

® & m& Pf£:m (a) ¥3- 72704 

<g>int.ci. 5 mm^ itn«Ea»* to 3*0991) 3 ji 27 b 

H 03 F 3/68 B 8326-5 J 

3/45 Z 7741-5 J 

Kff* SfcBWc »3*a«0«[ 11 (±24S) 



©ft m ¥2-138543 
©tH m ¥2(1990) 5 J!30B 
«5fete3l ©¥ 1 (1989) 5^31 B@H*( J P)®^g| ¥1-135809 

®tB H A « S ^ it 1 J »JSJH*JII*!fm*E«Jl|BJ72»il!i 



fifl § 

i . m m <o % & 

& m it g sb m «a s 

( 1 ) /< -T - 5 h 7 > x 7 ^ ^ ffi i,> /; f i i§ (a 
Wfii:ft«LT«5gft*BSi:ti^T, N £ 4 

S « * s c <t*-<&&<h*-*t§ij£{bgf&it*Bgo 

* tt * ^ it (± . £»Aa«BE©aMt#lc».*- 

* « w * 7 -t v hm&£thj3mmv>m*ttif$:'<=r 

(3) ffi$:£lKflStt0|§^fc&tti8|g&!;:&i* 



* i* ^ f£ ii . £»A2j*JE©SE{t#K:**;*-Sg 

«£ * fls ft * ? * * h « a t tfj # n © m * f=r ** * 

r , sjES*ftijfs*<i*ftijt5«»ii, in 
m it §t w m is s o 

f ft, |g 1 ©Sil*liW(:« Itti 1 . 298- 
2 • V T .s »2fl)g»J8<i^7i:«LTliO. 3 
54 • 2 • V T „ JS3©S»i9«^Tlc^LT«i 



- 1 - 



—39— 



— 2 - 



*£§B¥ 3-72704(2) 



-0. 354 * 2-V T **4<Oflfc»i*«'<TC 
» L T 14 - 1 . 2 9 8 • 2 • V T ( fc L V T li 
jfe i E T s V T - KT/q. K : *K Jl, -y > J£ » . 
T : *fe *f £ & . q : m ^ CD H ffi ) iE T * 0 . St 
4fl©a»i&ffi^T©ffl7J«ilE©ffi*fMJ©=b *? 
* * lfiSe$3 1#<fcO : SiS4<og»iigta'<y<otB 

( 7 ) ^ 3& ^ 1 tc Sg « cd & ^ ib ^ Sfr if tl g ic *> ^ 

t x na ae * ? * * hmE*#*s¥a:*. & g ®> 

ig*g^TcDfltii£^&-e&5 h 5 > x X * CD i 5 -v 
^aSfc^ftrt;*-** C <!: T fit & * d t£ft&t 

( 8 ) IK * m 1 Se « to & ^ fb & Si It 41 £ ic *> u 
;/ iraa5ft»iS«^T©ai;*}*8E*j!jD*-*-s^gl: 

■7 -f ir - K • ^-T-etSfiSc^ns^i^^mt^^ 
8^{b^»igH£o 

( 9 ) si * i ic kb <o m m <t m m ie s t= *> ^ 

- 3 - 

- ( f£ * © & ffi ) 

&3£igtSg<OtfllBi:<Oig*Bg£ L T ffl ^ & n 5 if 

%tt&<Z>£*ttttfl!tici|ltt£ I Tl£ < ffl ^ £ *i T 
^ 5 o 

%1 9Slil^©x; -y * £r *K t ^ ^ i 
( v tt*SIB'<T*afc'0I-*-5fc«>©EI-r*5. B i: 

T. 1. 2 t± A ^ JSS ? , 3. 4tiEti^^^. 5. 

6 tt*nens»*s«^T«-*fi£-r *.g i s se 

2 O '< - 7 h 7 > ■/ 7 ^ T * 5 o * s 7, 

>v lliiftofcS^'f:/* 12. 1 3 ti ^ A 1 
ME a8E ^ 1 4liftfiffift**tif n« LT^«, ft 

* * o ^ ft ^ m tf£ 2 2 . 2 3©mafefit J &'?-n*' 
til ee/2v A^JJg? 1, 2 © R3 (c 1m <* n 5 A 



*gte^T©ftf^tg^£it#J2-t*Tft<t£-t*-S c <h 

(i o > an ?jc jr i (= ae ffl © 19 ie fb a Bb its la *? 

*J X 9 & ^ is V ? > h 5 > i? X 9 * £ tz li *> U n 

>^7^n^W^-5 h 7 > «✓ X * s * ii # »J * 

a fit f ^\ f o /M * - v h v > v x t $> £ - £ 
*4*»£-*-S»J&<be»i»*BS. 

(i i) aft*3gircaefE©&ffMt&tt)&ffisic*; 
-c x I5a5fi*f*«*-rs^a«x £ r © ^ s& tt *i 

*<T©»fl£*8ft*te**£«l;:JfcW L T ft <b £ * 

3 . % H © B I1H 8£ H 
[ 3fe H © B ] 

( £ St ± co fij ffi # wt ) 

*£ Is « (w &3 + * 0 



# ^ EE £ V , £ L . n f ^ h 7 > X ^ 5 , .6 O 
M^foJ^-X&itStgSKiiitg^. V T * i& ^ E <h 

si. ftffitttn:i4*ittn*tfaEi« f* #: 5£ -c ^ 

[ fc £ K tf * (Paul R.Gray and Robert 
G. Meyer: "Analysis and Design of Analog In 
tegrated Circuits " second edition, pp. 194-1 
97. John Wiley & Sons . I nc . . New York. 1 9 8 4 )] 0 

I 4 - a p • tanh ( - V d / 2 V T ) ( 1 ) 

A*1EV ( i tti^lt I d ©|3Qffi(*%2 0BI 
( a ) i; i t J; o i: x v * © 16 & fit *< /Jn £ £ 
I - V < tc it 09 L T it m ic ft fb 5 . v 
4 oft«I*^*<tt5i;Lfc*^tl - ti iE ^ 
W ft ft ^ & ii -T n T ± I ieKHiEtS iacttS, 
if cd < & ^I»8I^*5^j&S5i:b, c co 

^ - r «-a^)^e v d -caifc^LfctcD, -r ^ 

St "T ft tl 5 h 7 >X=J > ? 9 9 > X G m <Z> ft 

- & m ~« s t «u ^ a ^ c 

G» (V<)-(aF»I BB )/2V T 

* [ 1 - tanh 3 ( - V , / 2 V T ) ] 

( 2 ) 



5 



—40— 



— 6 - 



d <0 G « OA - rii » 2 0 H (b) iz tts 2 n Z 
*> . J£* T © tt W tc *? T . fSf ^ 2> K N #C 

x - - V < / 2 V T 

y ■ I * / a p I ee ( 3 ) 

£ 5£ ( 1 ) , (2) **ti^n^©J:9i:iE 

y - tanh ( x ) ( 4 ) 

G„ (x) - d y / d x - 1 - tanh 2 (x) 

( 5 ) 

fili^^lStiiltgll^T^Ifi • # R IE A * 

« ? H li 'f 7 s; t y 9 - h t <e ti , A 2j fise ^ 
tc ^ « & ^ a m * ^ & 5 y sjou h g be © # at 

i: 'M tt II t tt 5 , L x x d © ^ ^ (* & jft 

— 7 — 

^ ^ iS-y^-ri/i^U — *> g > ffl I* T Jfr» 

£ 5 7j & <t L T . ^ h £D ^ -<> -tr (Gilb 

ert gain cell ) M r (0 a»*«S * i ^ 5 » 

ft- * -5 o 

Y 4 > t ;!/ @ |; o t (i N *:<£:*. IXBiriEXilR 
<*> P P . 590-600. A.Grebene 9 : 

r7 t d ^ ig|H]j|J pp. 234-244 (43 
^f&SR.S^^^tt. 1 9 7 5 ^) «C <£f K » |H K 
Sft ^ $ n T 1^5 O T ; : T li * ^ t) L 4* o N 

^ *- * ic . C O ^ & (i , IHl©£S&tgta^T*JL 
5 ^ 7= v ^ * U - •> 3 >ffita^W-^-5t^tL. 

& it * * 

^T^A^ifSo :'OJ:?i:t«ix 3& 2 o g 
<fc J: t> . ilOgfii8i<70K-xA*«g? 



4#§fl¥ 3-72704(3) 

* *J ffl L T . 7 * ;U * x H & g . ft & S ft K ffl 

L ^ L x i 2 0 0 ( b ) L <t tc x at 3fc 

m V « - 0 to # i£ ti N ¥aas*<*fitc»< % 

V „ £> |g H (* * f gtjtil Om Vitrei,, 

^ =b ^ 5 i S -y ^ * * u _ .> 3 > i pf (f tl 

£ & -c N I Kigi^rojc ; «, ^[5)±^-iE^^ 
i^flcfiK^^Lt^^tSC <h ic ^ 0 S SU ft 

: © ^ S li Iffi i ^ o f Jft T- li * 5 s ffi ta <D 

1= IS W *g to * 5 f£ if -P * < % & Jft i§ © f z & iz b 

^ > & it z&zztw mm -c 

^ ^ <t * -5 0 

— 8 — 

1 *K ^ hgto^^ATJiSi^gglc^StS - 
T^^/U^^m^LfcCTttT. 11 US 5 8 - 1 

61413 r^itt7-f^n*<*5, 

©m^59^^te^fT^m-!r-^»(c. ft *f fg EE © £E 
«#fi*fftt'9T^*OTs & S5 BB ti j£ S 

£ ^ 9 ^ * Z o 

i 5 H ^ X & (James C.Schaoock: "An tnp 
ut Transconductance Reduntion Technique for 
High -Slew Rate Operational Amplifiers. IE HE J 
ournal of Solld-State C i r c u i t s . SC- 1 0 . n o . 6 , p p 
.407-411. December 1975) IC T $ tl T ^ 5 0 

c: o IE m U 51 ^ x x ^ *y ^ ffij ^ ^ ^ ft ^ ai, 



9 



—41 — 



1 0 



mm<z> Jt Jfc l :40i§^^S&f1PiQS*<®t)i2: 
L L . : © ^ ft t i± , $£*©i$itis^i&iiti 

*< T S S i li i> i , * ft + # i « ^ *. ti ^ o L * 

tz #> Atl -< > f - ^ > X ti A £ ^ o 

£ ic . l2:v*ttJ&»ftsigBB*»5*:«>K. x ; 

^ ^ v i ^ U - v a >^rffl^-rtC^Sfcigtg^T 
£ & TfMb L * -5 ttS^^i<^MBB6 2 - 2 0 0 
808 r h ? >xn ^ ? ? 9 > X^la^J IC *> ^ 

t ti £ n r ^ 5 „ © a ** y *f > -t ;u * jb 

* 4* * w -r * o 

T*AB«Ibft<fc-tt-5;:± * <D tz #> tz it 

* S a* K . A^JiE^ffiliiT^E LTtlJf!© h 

— 11 — 

£ i)< s 7 -r ;U * . It # & . *§ £ ti if \z is o x <& 

g £ £ JlT O S *< * St*© x i »; j' f y i ^ 1/ - 
-> 3 > 3: l> * Y 'f >-tryU^^-TcD^IfetgtslolgS 

T (i *& ^ S& ft ig ffl it Jt£ ^ S / N Jfc *< g ^ . 

<2> £ . i 5 „ ^ 5 s v * * U - is 3 > £ ffi- l% 

tt^ABtt£tt%tt@%lM±lft^ig!B*<i2:< S / 

Nifct>^Jfftf*S*<A^-f > fcf - ^ > * *< <g O e 

^^Rflti. Ctlt>©^tcS^-C. £ ^ l& ?fc f& ft 

[ % © m esc ] 

ti ? n & ?'J ^ tc & & L T fiSc 5 & W} ig tfi S (C *> ^ r . 
fS L > ^^Sfrtt^^TiC^ffitflti^^-tr.., h^E 

* * * ^ & <t . cn&©tti7j«aE*ffi*fftt-*- 



#§B¥ 3-72704(4) 

ffi tt li ^ - x i; I ?ij i: S A ^ n 5 © T , 8f ^ © 

iJ3&&4S&©/&j£>>t>s * I t) A I l: t 5 : 

i ff * L < i» . L * T . C © [e] Kf © 45 S* 

£ S * "5 <h-rni* A^ffit/t{i<g;< ti S> 2" £ t§ 

-r . C ti A< Pnl i I: ^ 5 „ ii . : C h 7 > X □ 

* >**S«S©fcb;&tt : Fic * + 

^^^*<«fi£-C*5. L L * C n (i x * * *S # 
g©tfi:&«^Kffe©«#g©A;&* : Fa<i*tt*n 

ictttt©«£g©«v*A;&tStn;j&<&ffi£*i. 7 -f 
/l/ ^ © Q fit ^ L < (ft T t T t * 9 i ^ -5 i?n as «- 

£ -r s o 

ti £ e 

CD a;^«^»f^igffl*WL.A>o.-t©h5 
> x a * >x*<pr^tr*^«t^ ti M Ifr ig la 

— 12 — 

( ft IE ) 

N^4J^±Ol»<h LTN#l©^®ji£tfi^T 

£ <h x §^©^S&if*S^T©Kv>Xr3>^'^ 
^>XflDl6»ffl«li3E*7-lr-» h ^E C H t ^ A 

# ^ BE tc *f L T « A fit * £ i:s'-€-©A**E£*'*» 

o I ^ f 5 o 

* © « f li s ^ (2) K *> ^ T . V d £ 7 -b 

* h ^ EE V 0 s £ V « ©*□<!:§< CiiC^oTl&fiS 
tti:tt»t4 : (2) T.^t* 2 0 
0 (b)'O^77«rV 0 s«^^ic¥|f»»L/:fc 
CO i ti 5 o 

©A^iSEiig^^^7't7 HEofnoiE* 



1 3 



—42— 



1 4. 



3-72704(5) 



l^i^T0^^4Ja±it50T, ^ §i 1 li 
( HJfe #J ) 

* *T x * » 91 (c *>' 5 « -fb © « * W tt % iL 3? 
12 * B 1 0 i; t to ^ E US i; i 0 s ^200 
(a) (c^^T h ^ >X3>^^^>xGm^X 
•4 2f |SMC IE ft K * 7 ir y h tf^^g, 

b <o * & &m m & l . tn&*i*ftinTjii 

5 <b u -5 t © -e $ 5 o 

4 J£i ± & & ) 36 #1 ic «t * T fifc *> * §^7 16 1: 
li, t7*. hiEft^^ai 7 (7, 8) £ . 



<o m iz m & ^ & i 9 R & n r u s , 

I ❖ ^ it f a 1 8 (i^ S^tbtg*a^TtD=ru^ 

^ ii * i= * E » * * tt 5 fc* «t © « gij ic iffi m -7 

# 2 El ( a ) (b) (c)lc&ffir®K<s!) — ffl & 
^tfco Ca)Bliittttftffifl5AflD0»U (b) 
Stt/;U>h;7-t^l5BO«iJ, ( C ) B Mt 

1 5 C © T * 5 , 

f£*0jT [ ^l,fc*2OEI (b) h ft 
Z £ o iz ^ G » 0*-y«y - lltMLTitl 

»*h iE t © t 7 t 7 h t» y - tti:MLTW»i:4 
folate. & * CD g ®j if ^ ^ T 1 
6 <D G . f**t fey - WlclSBLTWSi 



— 1 5 — 

fc-^*s^£-Tr££ 0 L /c ^< r> t . g gfr *i *b ^ r 

* 2* & <§ ( #J * t* 5 , 71) ffl^ift^lis at 
^>O^S&it|i^Ttcli^7-trrf h £ *_ "f x & *> 
«Sfc<®O^Sijit|i^Ti4 2 *& o' o ■£ t feTfeJtl 

ffl < W *. WT 4 . 61i)JSl'«tt£l2 % «£fc{Ba>Jt§ 

i: i: t n if «k is 

a k . iS^G. tC^til^ili. d k k < k 

ti 1 El 1 O S Jii ) tSO>7 t 7 his N^ii 

^ T © ffi <0 ft % [N/2] ^N/206SfeS5^^ 

C N/2 ) 

G ( x ) - £ , * » ( G ■» ( x - d n ) 

+ G „ (x + d K ) ) + iSG. (x) 

(6) 

5£ (6) "C«ftE*iCDtt^fcS5MU klco^T 



— 16 — 
lO^iKi^iU Sli(i©iftigf|^7^ 2 

4itt^»»**lT^S. *• * # Ifc f& © 

- 0 £ 9 , *»ffl©S»*«^<T*ffl^5«^ 
li M 0 i ^ 5 o W *. * 4*ll<Ogfi&i£*£'<T£- 
ffll^T»JK<t*fftt-5S^«. 4-2 • 2 Tr * £ 
* 6 ^ k - 1 , 2T*0. 4l±fi»(^^t,i9-0 
t L T . 

G ( x ) - a , (G. (x-di) 

+ G « ( x + d , ) } 
+ a 2 { G „ ( x - d 2 } 

+ G . ( x + d 2 ) ) ( 7 ) 

£ S o 

& ffMb K T (2 . iiO-^^U9j3(T$5lE 

* <D 26 ic t* „ G^&&&<03*|jg8t<Dfi£ 



—43— 



1 8 



#M¥ 3-72704(6) 



ffli*£n*;fr)£K* & ¥ *S i£ <H £ . ^ U v ? fi> 
iE © * S o 

& * ¥ *S i£ <H ti . x-0l:*>Mt5GO*IS8a*, 

K & £ G m < " > ilt: ii:t5o 

G m <0) -dy/dx-1- tanh 2 ( x ) 

- 0 m ( 8 ) 

G m < 1 > - 2 tanh 3 ( x ) 

- 2 tanh ( x ) ( 9 ) 

G m ( 2 > - - 6 tanh 4 ( x ) 

+ 8 tanh 2 ( x ) - 2 (10) 

G m < 3> - 2 4 tanh 5 ( x ) -40 tanh 3 ( x ) 



+ 16 tanh ( x ) (11) 

G m < 4 > 12 0 tanh 6 ( x ) 

+240 tanh 4 ( x ) 

- 1 3 6 tanh 2 ( x ) +16 

(12) 

I 3 0 (i * % sfl O f 1 OgffiMofltjjjcg-ggiifl*- 

5 fc>!>(O®^0T* 5 e imST 1 , 1 5 t IS? x 1 

6 A . 16B, 16C, 1 6Dlill~®4©f 
» *tt « ^ T h 7 A , 7B, 7 C , 7 D li ^- 7 t -y 
h^S^^^Si lT^)iaEl£E^, 9A. 9 B . 
9 C . 9DlUne'*lll-l40fS&it*S^7 

oftaiSy^cttttdnfeiiaEaR^ 1 , 2 ii a 

if, IBEij[7 A, 7 B , 7C. 7 D fc J; Cf I 
9 A , 9B, 9C, 9 D <D M ft fa K til <D & m 
SMC -o ^ T tt "J! S • — fift^/A^^-e*^ (6) 

I ^ ^ I: t < i ft a i tt « • 



— 19 — 

G ( x ) - a 1 [Gm(x-di) 

+ G m ( x + d 1 ) ] 

+ a 2 [Gm(x-d 2 ) 

+ G m ( x + d 2 ) ] (13) 

•T 5 * 5£ (13) (i IhI BS 0*1 K (i * 7 -Ir v b 

d 1 £ ft ^ tz & s< T 2 & £ , * y -tr v h d 2 *• 
fcofcgft^72ai©til^^x & * a x £ a 2 

£ a 7 fi . ^ flJifc^iSti t N a 2 - 1 <t L 

$ £ lw . 

0 < d 1 < d 2 (14) 

£ L T t> — ftft tt *.5fc *> ^ o L J&< o T ; St 
(13) tift^©«fc-5i:^^T^5o 
G ( x ) - a 1 [Gm(x-di) 
+ G m ( x + d 1 ) 3 
+ t G m ( x - d 2 ) 

+ G m ( x + d 2 ) ] (15) 

±^lix-0i:MLT«^f*5J!>-^ G (x) 

<o2i&&:<omt&&itx - 0 1: ^ r -tf d t a s . 



— 20 - 

L tz i)< ^ X x £ ^ $q H tc jfc r> T sp ±B ft h 5 > X 

nftofia^^MasTx - 0 i3fc^T+/u i/i 

* C "C 5 . ± SS 5£ (15) iz *> X . G ( 0 ) 
-G ,,,, (0)-0.£tt.£J;?ttd ll da, 
ai # i6 £ 0 CCt?. ^ ? i ft # (*) iix 

icst^a^^it* * r ^ 2&<Df&#&&*<+/ 

D II i ^ # ^ ^ ^ t 5 c 

G ' * ( 0 ) - 2 a , C-3X 4 +4X 2 -1] 
+ .2 [ - 3 Y 4 + 4Y 2 -1] 

(16) 

Z Z X ^ 

X - tanh 2 ( d , ) , 

Y - tanh 2 ( d , ) (17) 

<b g £ & x. e L o T s 0 £ X < 1 , 0 £ Y 

(1 6) «*Yl;o^tlB< <t : 



Y - [ 4 / 3 ± 6/9-4/3) • 

< 1 - a , (-3X 2 +4X-l)}]/2 



2 1 



—44— 



2 2 



(IS) 

. ± St T? s 

F - - 3 X 2 + 4 X - 1 (19) 

£ B < <fc . « 0 S Y < 1 {£(4. 

fin m * 1 1* a? & & 

-l/3FSa,<l/F for F>0. 

1 / F £ a , < - 1 / 3 F for F<0 

(20) 

£ 5 . 

^-»fcA/F©ffi*ttB65i N F O K D || 5 |g | 
tt-l<F<l/3-e*5*<. *niC*fj&Lfca 

£i ± <0 G ' ' (0) i= £ £ ft £ * i6 £ fll £ £ 

CD 0sx<ittsx*ai-5ttafi>5 D 
(2) (l 9) ^T-^*_t>n*F<D<i**tis-r£ 0 
<3) (20) * * a , <D&9nzmm&f£#>, 
* & m m V> a t $r t> ± ^> m & 0 

<3> (18) lc F £ a , ©l^ftALTYOl 

— 2 3 — 
4»©*»ft»*^oi:t5 YO||, IT *> ft d 

ttJUtURfcitttdT^ d 2 SI. 1 4 7 R d 2 
i 2 . 3 5 8 © fiR tt T? * G (0) «* 0 * o G ' ' * ' 

(0) -o*«a-rs»^fffi-r«ci:3ft< 

: n m © i « tMi s 
d i: « 4 5 d< s e«3>y^;>7|»^Di 
tt £ © T IhJ tfj ic (i £ 5* © ^ A? ic -5 „ 

$ t> JC x d 2 -1. 2 9 7 7ftfiKiBOT, 6 

9:ot&^^ftt)-tfoT*iJi>bx : © ^ ft= t ii 7 

(15) Si:*^T^ 
d i - 0. 354071095 
d 2 - 1 . 297724854 
a, - 0. 5478454142 

t» n 5 : i I: ti 4 , 



<$Bfl¥ 3-72704(7) 

® ±0(D<t®i®T 1 ^a6^X<!:Y<i:a I <o «a 
. G " (0) - 0 I: t i ^* 7 y - ^ T * 5 , 

5 ISifi^i^* t) s C <D a ! ;fi* t T Y © Jfc 

t) f 5lO|g|/i<^$ 5« L o T x 2 #; © & 

^IJS^^olztS^l^^gSLT^ n[ Ifi tt Y o 

•5 H £> * £*<ft5£©Y£jgtf?Trs g££ 0 

5 * e©@ft«*ffl^T* # & k fi & © 

4&©8t#&&(;t&5$-r'^;i t> n * e 

G • ' ' ' ( 0 ) -16 ( - 1 5 Y 3 + 3 0 Y 2 

- 1 7 Y + 2 ) + 1 6 o , 
• ( 1 5 X 3 + 3 0 X 2 

- 1 7 X + 2 ) (21) 

fz ft L , X . Y . a , (i ± tc i£ fz (D - © © & f* 

tf- J* « * Jfi ^ T (2 1) 3t©ffi€-£fcffitti;:Kffi 
L^o * © B£ x d 2 ^-^-^SCi(CcfcoT (2 1) 
S ^ S¥ ffi t i it t < , «»)«Ltt3li:J:->T, 

— 2 4 — 

5S(3)"l?IE*{t*fTte-»*:&ax. y ^?tO 
SE » ic S * . 

I d - Y a P / I eb (22) 

V < - - X 2 V T (23) 

k t£ & * L tz £>< ~C ^ d K I:^f5t5^7-t-y h 
^ E ^ V d k £ T Z> £ , 

Vd K --d K 2V T . (k-1, 2) 

(24) 

T££ 0 cnt>Odi , d 2 iC^J&^-^^-^-fey 
h H E V < , , V « 2 (2 5£ (24) IC * $ x tfe # j£ £ 

V dI --0. 354071095- 2V T 

- - 1 8 . 3 0 m V (25) 

V <, 2 1. 297724854 -2V T 

- - 6 7 . 0 7 m V (26) 

£ tt -5 . 

J&3Elc^-r4*flcD^E[i**#3^ycDA 

*i @ ft ft jfcic *> ^ T * t ^. if ^ 7 -t 7 h ^ EE 
*^*S^»7B£7C£LT*tl*-n - 1 8. 



2 5 



—45— 



2 6 



3 0 rn V J; t; + 1 8 . 3 0mVOlfl£lE)l^ 
m ^ . 7A±7BtLT*ft*:tl-67. 07m 
V <fc + 6 7 . 0 7 mVOl»«£ERtffl^, 

9 A , 9 B , 9C. 9D^ffll>T N ^tlbCDl 
8611***1^*1*11:0. 54781:0. 5 4 
781 : 1 CKSI5:ii:i,T, 7 o & * 

CC-C^^15£0^d{E^22, 2 3 ii [eI 2S O it 

(it71iKS9 A, 9 B . 9 C , 9 D (D I ^ I © |n 

ttttlc I 3 0©§ifi|itli^7 1 

6 A , 16B, 1 6 C , 1 6 D OiUA^iEt: 

tt-fz&$b&Z}nm<o&&&$:m4m (a) a> tr 

7-725, 27a, 27b, 2 6Ttftf ti^t, 
Mffi»tn;2 4*r»E*l5g»aj;f}*ifcM: % 

- 2 7 - 

9 i: F 7 /•/ x n A (6B) <D «-< - xffif i A 
7J ^ 2 O RO tc * & $ 7 A ( 7 B ) t $f L \> IB 

?S(i^K)tt#S^T^mfiSc^5 2 <i © h v > 5> x * 

* o 

tt to *> x h7>y'7^(D^-X * jc = v ^ |g 

V b . - V T 1 o g . C I c / I s ] (27) 

tt5B8ff*</S»?l£-D 0 c d "P x V T , I s (i fij & 

<D EE ^ i£^lSlfiSfDm$ST*^ 0 I s lix ; y 

- * . i £ V*lffl«EEV b .ti^ 

V b .-V T log, C I c / M I s ] 



3-72704(8) 

-tn-eno^gtE^fDiC^S^^. ^ 4 g] (a) (C 
^ 2 5 , 27a, 27b. 26<D/7-yof0C 

4 6. HHi: 2 8 if * - ^ i-tt 5. 

[SI m S> ^ tt «fc 9 ic x -h - 7 2 8 tt 2 5 - 

2 7 © t' n i ?) fefl;^i&ttiSB*jSL-co5 0 

CO c i^-cfc 9 W IZ Z fz ft ^ - 7 2 5 — 
28^afc^Lfc^-y. lT tt to *b h v > X 3 > ^* 

? * >x©*-r**n^no*-^(c * * n- *t -c 

51 4 EI (b) tc^L/r 0 S ^ f, , # « G> .« JIMfc 

ft^»L/:^T'*526 ' I: M: ^ T 9 ± ^) 

m 3 SI C ^ t it 0 SS -e tt . i£ittT^I$©f 

Ll^*7* » h«Eft4f 87 A', 7D ( 7 B , 

7C) ^idifli^TieA, 16DC16B, 
16C) ^r^fi^^-Sh^>X> t X^5A,.5D 

( 5 B , 5 C ) i: ti f tijn ^ n t i> 5 d< , m 
Wlig1&'<T(D#T&$rmmLT^ fc £ x. tf . % 5 El 

IC a* "T .fc 5 K % 7A (7B) * Jg IS |» 5fe L . <t to 

- 2 8 - 

(28) 

ia*£E©£*Av».£*-;5<fc 

A V b . - V T log. [ I e / I s 3 

-V T log. [ I e / M I s ] 

- V T 1 o g . ( M ) (29) 

t tt £ o 

©±V T log. (M) £Dt7t7 

^^ttfftiii^TiffliiicttSc * H Jte #j o i& 
£• tt 

V T log. ( M ) - d k 2 V T (k-1, 2) 

(30) 

Ml-e 2dl -13. 40261 (31) 

M 2 — e 2 d 2 - 2 . 0 3 0 2 1 5 ( 3 2 ) 

<t tt 5 o 

* tt to , g»isfi^74iiatsh7>s;x 

S » ^i«oit* 1 : l 3. 4 0 2 6 1 £ 



2 9 — 



—46— 



- 3 0 - 



3-72704(9) 



£ V 1 : 2 . 0 3 0 2 1 5i:tnia^ o 

# £ © tc ^ j& ft T ^ S . *~ ;b 5 , * 7-b » 

* O ffi ti 55 (24) t 4 i ^ ti 5 i| !) x V T tz it 
fJt5^3?^*S, L ^ 5 i: , i 5 -y ^ ® fg © & 
^*fiJfflLfc*7* y h 1g £E ^ © fi 5$ (30) * 

i:*ofiIli;^i;/:IWtt^7t9 h ^ EE £ 16 £ 

S&6Si*f!2ll^#J©J|ttfttt®ft0yT l *S o 
H K *? ^ T ^ » 3BXff* 5 HiH<£4 i : 
* 7 -Ir * h*£Ef*^^R*<«EjBE"Z?fifc<. £ » 
^i^TOx ; •sr^ffifllOitt^TSI^afftTC^S 
i u ^ t $ 5 o 

iJI 6 0 i; fc ^ t , * 7 t ^ h fg CE M" ^ -T- © it h 
"7 > v * * 5 A , 6 D © i ; -y ^ IS *g h ^ > v 
X * 6 A , 5DOi£y^ffi8l©tti3. 4 0 

n b ? > is X ? 5 B , 6CO^i$ -v ^ 3D ?S H 

-31-' 

1 : 2 . 03. ^ 7 > y 7 n 0 i 3 2 © x i 
-/ ^ 1 § it M 2 * ^ 1 : 13. 40£-fZ>z±iz 
£ Q At) t% ? 3 6i:Jnibti/:*Ettlb^Jfif3 
8t39*><tD : 3St40Of B 1-t : ^ (24) © H 

it m & 2£ £ # o * tc * e 

i 9 I: t 4 : t I; J; t)s *fe**S&;&<3 0 0 

9. 40ii^ft^'ft^i8. 3 0 m V , 67. 0 
£ 6 IC * 5170 (a) lz tts * 7 * -y h fg & & 

**-*-5iHiK«-ffl^-c«ii3Eacft5ftifiie(ag(3r>g. 

13 K J: t> t>ffi@tt4$&0>ftftfc 7&©ft*5|i*S4$ 

-o if iz . & & ic J9U © ffi 0U £ £ afl -j- 5 . t TM: 
tt W L J: -3 1= , US 7 El (a) « * 7 t » h £ f£ 
£-*-**86©Ih]*&T 1 £;5/?< x * 7 -tr Hff a h 



^ > >' x ^ 6 B , 5C©JL* v ^flDS5©J(Pj2. 0 

£ £ ic gij © £ m * 3£ Bfl £ . I7S ( a ) (i 
^ 7 t 7 h IE V 4l) V, a 4-3fe^-r«fcJi>©l5igft 

£ £ x -7 -tr -y h 31 HE ^ S -y ^ 7 * o 7 
i^t5h7>y'7^30, 31. 3 2©^ = <y 

i: f I t 5 O 

^* tt *> ^ n (30) © M fig £ x h ^ > S? x ^ 
30, 31, 3 2 ©x J , ^iiifci LT^s fr 
MO^-7-tr-y h*ft5:i*<ti5. C © £ (i 
h7>S?x*30. 3 1, 3 2i:fL^lgt*JS 
^ /- C h ^ > v x ^ 3 3 , 34, 3 5 I: <t 5 I 
8Kflia<S;Kc*ftT^.5o t <i b 5 h 7 > •/ 7 ^ 3 
3. 34, 3 5 lio f n t |5l L x ; 7 ^ i i o h 
7 / y X ^ t $ O x ^ft«^cD<-X(C^^3 7 
^LT*?L^«ffiA<i**.&ftTU5o £ <D ft <<Mi * 
ffu Sg 5$ (2 9) «r#^fctt£4:Eli;T&S*&, 
h5>i?x^30£3l©x.$ 7 ;iSitM 1 ^ 

- 3 2 - 

^ > X ^ 3 0 , 31, 3 2 <t)i ; 7 ^ilOl 
^ « ^ T tt < , ^fte»0»f^««E(CJ:->T*fcSEfb 

-rnct)^x 5£ (30) © M fit % h 5 > ^ ^ 
30. 3 1. 3 2fl)x ; 9 ^IHJtTtt < jftftifg 
i©it i L T ^ s I © t 7 t 7 h ^ £ d <b ;?< 

ClOli^tih7>yX^30, 31. 32^^ 
Ll*i5**E«£Lx * ft ft IC M 2 : M 1 : 
lOiffi^ffit^fei: H7>yx^33, 34, 
3 SC^StlffijlS^EIStniiJ;^,, * to % 
: O *l ^ li f> 7 > y X M 3 , 34, 35(ii£ 
v*ffl«ifc*:M2 : M 1 : 1 £ L tz b 5 > iS * ? 

i? * 0 x tn^^-xi:(iiig^37^^LT^ 
L^«ffi*<#x.5>ftT(r^5. Z © ft f* . fu E 5ft 
(2 9) £»9^fc»££P)U-efcSJ^$, s A >*J *g 
^3 6lcJto*£ft^^El*fcjb;f3a8^3 8<h 3 9 © 
HT«'(24) © I It I g ^ J$ o J; 9 l: 5 c 
L *< o T > ^7S) (a) ^(HlK^ffl^Ttil^ 



3 3 



—47— 



- 3 4 - 



3 3. 34. 3 5<0i;^B1^9L<RgLs 

h ^ > ->* * * 3 0 . 3 1, 3 2 Ox S 7 ^ ffilit 

* 1 : 2 . 03:13. 04itS:ii:j;5, 

££*SB6Blc^L>t|tJg01Jt;: J fct^T. (Hi K * 
81 Ji£ *- S F7>yXM^5fei|^^g < 

fctox i * -/^7 + o7^ffl^5t7t7 h 31 EE 

* o r ic w -r • 

70 (a) © @ Hfi: ^ T , * 7 «t 

7 > y X ^ © X ; 7 ^ f g © ^ ^ /: tj" T < s C 

5 i: t § t 5 e *T tt *> ^ (28) © M fit £ . 
h 5 > v' X ^ 3 0 , 3 1. 3 2 x ; 7 ^ ® g ^ 

— 3 5 — 

£ . ft I) M^h 7 > y 7 ^ © x ; y ^ ® 8 ^ 1 
<!:LT.f36EIOl5]*§-eii2* (13. 40 + 1 
+ 2. 03 + 1) - 34. 8 6 i t) s il 9 Bl (D 
IttiefBSi:«7B (a) o * 7 -b y h m H # 
^R*iIfflLfc«£tt2- (1 + 1 + 2. 030 
+ 1 + 13. 40+4) - 46. 8 6 £ & , £ 
fc»9Hi:l7B (b) © t 7 -t -7 h IflEft 4^ 
©££J8L/;:*§£l*2- (1 + 3. 661 + 1. 
425 + 2. 569 + 3. 661+4) - 34. 

6 3 <t 9 . & 7 H (b) KwLfcffilifittjfcjg. 

■a "P § & C £ & Z e 

QWnizm-tiitos ti£^o^f!iit*a-;T2m^ffl 
^ * *8 « « i . *&Hizffi£4&0&»Jtf(g'<r 

*>*wtt©r57T > as*<* «t ia ^ » a n 



3-72704(10) 

* - -c . s @ jfc * t+ s * 5 v> it m m Jt tf ^ & ftj ffl 

46. h 7 > y ^ ^ O x ; ^ ^ gf£ ^ -fr W 

* IS 7 El (b) fc 5* *■ . 

SB 7 SI (b) T ti B 7 |§J (a) l: ft T h 7 > 

X * 4 1 , 42. 4 3 **^ 4 4, 45. 46 
O i 5 y ^ S » * 1 : *J M 2 : ^/ M 1 : ^/ M 1 : 

M 1 / // M 2 :1-Ttt*>fettl:l. 425: 
3. 661:3. 661:2. 5 6 9 : 1 K Sfc J£ 
^-So C©J:?i:tSCii:«kl?, *& ** S & 3 
00K©t$tB^«gf38^S$i:LT, * * 
^30. 4 0 (Utlf tli^ 1 8. 3 0 m V N 67. 
0 7mV©m&^£-f££-rsC<t & 3 H 

© a J: 19 t>£*FttA.3tt&1£«fe« d 

* «, £©*£©£*©lHlttttS£*Sil9BIl;:i5*-ro 

- 3 6 — 
Olg^Oh7>Xn>^^^>x^-. n- tt fife * © 
H ic «; T £ £ Z 

!TiE^(l;tfch7>X3>r^^>xG (V, ) 
^fi^fej^^i^eT-rss-eov* cD|g ( 3t - 

( t ^ a ) 



- 37 - 



—48— 



- 3 8 - 



#M¥ 3-72704(11) 





di 


d 2 


a i 


0, 


l?6©ffi(P-P) c 


Hfi* 










10.3nV(.248) 




0.658479 




UL 




4i.4aV(1.00) 


4*fi 


0.S54071 


1.297725 


0.547845 




96.3nV(2.32) 



± i5 « & . G (V d ) fit b 1 %1T 

ft £ » T IC *fc T 2 . 3 2^ic^^«5E^<il£; 

< & -v h m n $5 ffi (c m r> r & ^ a< pj m tt c i ti 
9i s> * t a s . fc/f. * © * ^ « . 4 *a * -tr © 

A? #r ft Ic # £ £ -f x ttffitf-*l=J:^T*«)tt^n 
If ft £> o 

- tl J f h ^ > * U > ? ? > X £ <£ fc* 

5 & ft Ic.o ^ T i£ *< fc x ffeOi£CK)Si LT.. 
— S©ttfTS*ttS-rs*<J v 7 Jls %t U fi< & 9 ^ 

r * ffl iw: » m it m wj tt m m ic *> ^ r $ y 



- 3 9 



- * ic |» f 5 » « ft tt & 
T i 5 /: j6 s C C T (i St 

a , - 0 . 7 2, 

a 2 - 1 , 

d i - 0 . 5 5. 

d 2 - 1 . 7 9 4 

t -f Z> £ ^ h 5 > X n > 

0. 7 596<D&tT££-fe 

ti £ T ic & eg l fc * % BJJ 

* ft »t T * y y r ;HE 1H 
( a ) z> Uft t> fa t£ J; 5 
0 4> *p ffi ft $5 ffi i)< £ a< o 



ft€-^< : i li T M ^ 

m « ^ r s* n ft ic 

^ o * © — 0IJ t L T x 



ft ic Jg 31 -t S f= ii x C 

n tfe e»j © [si *< ± t m 
* * ^ & nifom v> %) & * 

x & l OBo^c^fi 

T O £ „ fc *f L s 13 B 



4 0 



(b) (c**-rap#t£;*EI^£>jL;tSfi*}* *m^< 

t Jt tf , ^^(HlKtLTlBlEI (b) ©*7U> 
h i 5 - £ ffl u n ii . di « =¥■ 4 ic ^ ^ ^ ft tz J?iJ 

* x J5U © ft ft ic «E c £ ri< 3 * • 

* % ^ (i J /: . ^ 5 0 ( b ) i: L /; §H«|t| 

♦S^T© h 5 > X rr > ? 5 ? >X<0&&<Z>t±y5fr 

<h^^iZ^^n<X6iz^ * ^ -tr v h ^El i HI 

te^£*^ic&ffc<*-e-*c:£ic c fc»3 % h 7 

Tx h7>X3>^^^>^*< — Jg i a flfc ^ ^ |g 

Vv^X^i LT±TNPN >^X^^ffl^r 
S&B^L/c*<x UttPNP F^-^^Ti-jt 



* -T . U£**±LT(D2li6M*ssg|*-* 0 SB 
4 El ( a ) £> W 6 te J; 9 ic . * JB W I: J: n If s 

:<cAtt*«tt*SSt5:ii<T§, #J * t* fa) 

*<ft»-»T^5o SB 1 lEItiCtib^A^^tt^ 
IfctttilWTs A 2) * tfc^&KlEgMbL-C^L 

t> <5 T * 5 , 3 £! ft y 5 -v ^ o A tB ^ If t li s 
SB 1 1 8CSLfclffft«4 7T"I^$n5^0t: 

— 43 — 

» 1 2 H C *? ^ T . SBl©A;fc<5-«tfflS5 1K,fc 
^.TJBlOAA«? 5 2, 5 3lcSJflD*nfca» 
*ffi®#ttSB2©«J&fl;2»iimS5 0 - 2 <0 b 

5 > X n > ? ? ? >Xlz±-,TB:m&t}mWL*2= 

^ > ^ x ^ 5 4 . 5 siuoTisi, m 3 <o mm 

fbtibltligSO-l, 5 0-3©»f*««E*<g£ 

- # * Bis »3©»)gfbSi*fig50-l, 

5 0-31*. ^2©A^Jlf 15 6lUorB2 
OA^^^5 7, 5 8 ic 91 Jo * n fc I f *< S(,m: 
i£tSTA^$ti5«t9lcSgE^n, SB 1 \ m 

3©«J&fta»ii«S5 0-l. 5 0 - 3 oa^j 

IfcWtttB^Jticn&SBl. SB3<DSftft?fl:gliFi84i 
8 5 0 - 1. 5 0 - 3oa^i«tt^t^ffitii5 9, 
60TfgQii;^ftLTtli^^T-6 1. 6 2 ~* & J j 



3-72704(12) 
eo 4$ & 4 8 K Jt "C S £ K 2E 4* ft 4 9 £ IS ^ X 

# ft K ii . SB 1 BK SB 3 BK ^ 5 SB 6 BK SB 
8Slx B 9 Eflc ^ L A: ± © It i& fiBnc *? ^ x . fi] 
^ic^UTtl^l 5^®2E1 (a) - ( C ) m V> 
aStiSBTSISLs A*«?l, 2 £> ff -s* £ 

SB 1 2Htt*»?S*«fflL/rT^-D^jgJS[g© 
0 K 0 T * 5 o HBT 5 0 (50-1, 50-2 
5 0-3) (±*%BjH=ft£tft?£fl:£ttJgffi£?€-5 

SB 1 2 H ic (dU 3o<DtftflMta»*BI8g5 0- 

1. 50-2, 5 0 - 3 ^/TN$ntl^A<^ CO 
^^["IEIco±S|5tc*S5 0 - 2(i~F8flf;:&£2o 

— 4 4 — 

Sf S 1 OHf S5 lOgftA^iE^SOt 

# tt . SB 1 x SB3©«J&ftft»*f*SS50-l. 
5 0 - 3 0»ft«»i<9 L^OT, SB 2 © ft -sf 

5 6 0 8»A*iEi:fiafttt < * K SB 3 © « AS 
{tSAIliS 5 0 - 1 , 50-3om»«»fl)K 

da >5 * fitt « ae fb l tt o a * in ;/j «s 6 1 , 

6 20tffigt>*t<i:5 fl L*>U SB 1 © <g «BE 
51©I»AA«S*<*Ttti^itts *K SB 
3©»J^ftS»*««50-l. 5 0 - 3 © ©) f£ 
m flfc SB 1 OA*i:ifc«»J L S IMC ifi ffi ft © £ ft 

£ -f £ © "e N 12(Dfffi^56^^ig!)A^fgE 
icttWLfcffitttSo £ © £ % * © it fi*J & & c± 
SBl,SB3©tftJiMfcg»iS«S50-l. 50- 
30h7>x=7>r^^>^-C s ^^t)x : mil) 

f^.i^cjt^t^^ t.^ ee*i©A*Kit«t 

# d i £ * o 

L T . ffi * fi« ? 6 1 . 6 2 i: » & n S g 

»rt#ii.Wl*?J:tfSB2©«^aE5 3. 56© 



4 5 



—50— 



4 6 



& ± K % z £ W % -C & Z o ^ < L-C. Sfl 1 2 

Ejcom^tc<tntf4 mmm <o t ± o ^ ^ g n 

m -c ^ 5 e 

* 1 3 B ti , »1 28©@Blc*?V^T«ft»6 

3 © fit £ 1 0 ^Ax IE©^a£38 : F6 4 t t ^1 t 

* ? 6 5 o H ic 1 . 5 V^giDotS : ii; J: >)1 

« It £E * ± 0 . TSViLfcJi^oAtH^^t* 

w\m<omttii*&i<om^m5 i o g u a^j mee 

ill (ig^iSft 5 9 , 6 0£$fc*i£^afc 
<D ^ ^ S£ fit T~ * *3 . ^'7>-^<l:lTS2©(|f 
K 5 6co^KfA^m£E ; £'-4 OmV-4 0 m V © 
•5BflT?ffift**fc 0 H H S> ^ 3S 1 ^ S5 2 ^ -rf ft 
®A*i:ifLtfc±^+mvoi3ii:^/;,rll 
Kl ft 5 C i aft* *> ^ 5 o 

cioioigsii. #j *. fy ie * & rr^-o^^igiH] 

2SJ 7. 3. i ( p p . 234-238) (c gg *g 
— 4 7 — 

itT^ffl-eg^o L ft t>< r> X . If i& D . W . 

H.Calder; "Audio Frequency Gyrattor Filters 

for an Integrated Radio Paging Receiver" , 
International Conference on Mobile Radio Tec 
hniques.IEE Conference , York England. pp. 21-26 
.1984. ©Fig. 3.4 tc E « * ft T I* S J: 9 ic N h5 

>*-3>?9 9$:2mj%^XZ?+4 ^ ~ ? & ffi f£ 

15 1 5Bli, RXittlc^SftT^S^ffi-^jftit 

B4»© = ftfl£©E^li K 5 > * > ^ ? ? ^ L 
T *> 9 * 1 (* ^ 1; li ^ l 6 SI ic ^ t <i: 9 ic * 56 ^ 

L T £ * ) *ffli^*ci*<-e** 0 fi^ * (i N 



#Sfl¥ 3-72704(13) 

[ t. (i "Bipdar and MOS Analog Integrated C 
lrcult Design O 9. 4, pp. 4 56—4 5 
9 Figure 9. 4] ©«EJ&*;:tg£*-sa< % (sj #5 tc 

*®^ftg»«fiS*ffl^ 5 C t C J: 0 s 1 0 

1. 50-2, 50-3©?$*ls »3A<NP 
N. SS 2 P N P h5>5?x^-C»jfl£*nri>* 
fll * Sfc BJ? L />< . W*Jfjei4BI©;r£<£TN 

pn h ^ >->'x^^fl$/££n^*aj£{fc^®ji£tsgg 
50-liigtfco*3fflffl^, ^ ^ I: ^ I /: ^ 
(O <D & 2) fg-ffi ^*l/>h;7-§28 66, 67-e 
^fOigLTt^l 20<!:l5j*&©ffrft;7<|t§ET t £* o 

A: L . ^^©^^<L^l&tttaSt-NPNh7> 
'>*X^-e»JiJELfcfcJ6 % ^ T x £ 5£ -J- £ 
O h 7 >-/7^iS»g 6 8, 6 3 £ * ft f tii£ 
@te^6SA<b6 3 AK«Mt^»d<*« 0 

— 4 8 — 

* S . St BR 1= «* s HJf£<t^K)*ilSggt*8EmV- 

©»^^*Jg»f^lSH t <£ b ft , & * 

©»JKfblS»*S«S<*>J: -5 (c fig ch 77< 3 0 

m V @ & L ^ m £ (i * 16 W <0 «fc ? (c 1 0 0m 

^fe^^tt^Iilfmit* 5, R El (i /* 5 > - * 
%rmifct&E.±LXA?lf&&t> < l 0 OmV p - p (O 

$k ft x *U s l *= 4> <o x * 19 . 1 vint Tfiffti 

- tt«6*wLT^S. « /: s S 1 8 Bi li s tt ft L *: 

7>f ^7^^0 1 k H z l:6it*i*fitt 

©*fflte*T*»)^ iHfl 1 9* <a & t j£ 5 £ * fB 

K%£ 1 . IV, 1. 5 voi^f ni:-3i»Ti)ft 



n se $ n tz o 

C IS <!H O 2& m ] 
^ i © I 0 x *^B^ii4$^F2t^^iBSCiei£cD 
iSti^gi^fb^S&iitfiS-e^stD-r. C: ^ & jf£ Sfr 
ffc H fel * W L . JJ^A^l-< > f-/>7^il< t 
5Ct*<T# N HfiS^i&fe i L t , *i <s g * #J 

* J m -e % -So 

4. mm <o m m tt&w 

W (i * 3£ Bfj ic fij ffi £ ti z m ^ e> — 09 £ ^ t vt m m . 
it ±tznm w © ft m * ^ -t t&w ei . is 5 ei jl se 

^ifcfiajO&^pj^^-riHlKEK IS 6 El (i _t gg HJfc 
W©to®SBJ&fll*i5**-|B|g5BKJB7H<a) (b) 

^mEtt^^&©tf|j£#J£^-riEl*SgU £1 8 El fi 
— 5 1 — 



4#&B¥ 3-72704(14) 

& EK i 9 Bl (i f 7 0 (b) OEgg^flj^^ggfr 
*g fa g tf> 0 SS EK & 1 OB fl*J& 9J4>fE 

© *f ^ 1^ £ IE & ft A ^3 (= *f -T * JE 8! Yb Hi ?J O 4$ 

JfcJBW^^-rinlSSEU IS 1 3 B (i * 1 2 g| o 
<OAfcil?>4$t£s>'>£ ^u-^ 3 > € $ 0 n& on su 

m 1 4 0 ii 81 1 2El0>T:*-o^^|£gcDffeOil$£ 
#J £ ^ S£ M EK »1 5Btt5Utfl)D-^77-( 
;U ^ co IhI El x f6l6HttC©igi&i;:jBJl]*ft5 
tftJ&fc£lfrieM$®l£HBK x 7 SI li : o ^ 
ft£Vr*g|15<!>J3tt&fti£08*i!qBj % W 1 8 H *i 

EK SI 1 9B4* — ttWttSftltilS^TOS&iWBK 
IS 2 0H*±*©f^fl3*i^-r«£i!nBltf*5. 




IS 1 El 



#W¥ 3-72704(15) 




m 2 H(c) 



* 3 B 



#SS¥ 3-72704(16) 



(a) 



(b) 




1.500 



1.000 



"5 



0.000 



-200.0m 



-100,0m 



0 000 100. On 
Vdffl 





-250/0(d 




0.000 

Vd[V] 


250. On 






i 

i 

i 

1_. . . 


i / 


1 "\ ! 

i \ 1 

i \ 1 

1. -_A.4_ 


1 

i 

i 




i 


aL _ 


j 26"/ \\i 


i 

i 

• — j — 


: 




j 27a' / 

— i ■ 1 


> — i — i ~ 


^ i 

X, i 



200.0m 




_L _ CD 

— 



LA 



— ep — 1 -<3^H 



CD 

en 



7\ 



Q 
CD 



rv 



lO 



± Q 



—54— 



4#B8¥ 3-72704(17) 



10 



5A 



-15 



x 13.40, 
ISA 



xl 
9A 
1 1 



x203 
16R 



xl 
)B 

-1 1 



xl 



x2.03 



16C @— 9C 
"-—11 

]5D 



xl/ 
16D 



xl3AO 
'9D 
-1 1 



36 



V1AS 

r- 

37 



36 



37 



30 



10 



31 



x1 



xMI 



)J 2 

xM2 



T4 0 



o—38 



\ <r* r 3t t J- 35 

|x1 |x1 fel 



1 1 



» 7 H (a) 



„A1 



.42 



xl 



44 



xl.425 



^ x 3.6 6 1 



1x3.661 



1 



"^40 
-o^ 39 



38 



46 



. 3.661 
142 5 



•xl 



11 



ft 6 



ft 7 



(b) 



—55— 



<&M¥ 3-72704(18) 



^10 




m 8 b 



—56— 



4#§§¥ 3-72704(19) 




* 9 



—57— 



3-72704(20) 



(a ) 



1.000 



r 0 .750 



(a) Linearlized differential amplifier 



0.000 



K-4.equiripple 




IDC*» 
K=4 t maximal ly flat 



K=2. maximally flat 




I (*» 



-HOMO 



-100.0m 



0.000 



Vd[Y] 




100.0m 



(b) 



1.000 



0.995 



0.990 



0.985 " 



(b) Detailed graph of (a) 



0.980 



K=4.equiripple 



-100.0m 




-50.00m 



0.000 



Vd[V] 



50. 00m 



100.0m 



£10 H 



IE 

it 
m 



1.000 



0.500 



-0.500 



-1.000 



-5.000 



-2.500 



0 







1--- ■>> 








/ 














7f 

U_S- . 







2.500 



5.000 



11 



—58— 



#H^F 3-72704(21) 




3-72704(22) 



linearized multuplier 



OOu 



0 





-40mV'' 

-30roV ' ^ ^ 


\ 


y 

y 

y 

s 


^ r *40mV 


1 

- 




-20mV 

-lOmY 


-% 


s ' 

✓ y " 

✓ . •** 

' x ••** ~ 

.-*" — ■ 

" 


.20mY 
YB=10mV 








, ' s 


^ * ~ • - . 










/ 

/ 








✓ 

* 

y 


^ ^ 

\ 






0.0m -100 


On o 


100 


.Om 200. C 



VA[V] 



£13 G9 



66 



61 



V 



50-1 



50-2 



68A- 



67 



64 



'J l_ 



•60 

^62 



50-3 



^65 



57~J I/ 58 !/ 52 X $ 1 /•' 
R3 _i56^k Rl ^51 i-N., 



-53 
-R2 



S5 14 m 



ftgB^F 3-72704(23) 




—61— 



#§a¥ 3-72704(24) 



■10 



12-}-* 



!3. 



i v. 



-m- 



/— 11 



«n9 




—62— 



